UNITEC-1 is a nano-spacecraft that flies to Venus. The preliminary thermal design of UNITEC-1 has been carried out. It has been clear from 1 node analysis that slow tumbling of the rotation axis is effective to reduce the temperature variations. It is difficult that both temperatures of the worst-case cold condition and the worst-case hot condition are within the allowable temperature ranges. It is desirable to conduct the survival competition as soon as possible after UNITEC-1 separates from a rocket. It is recommended from this viewpoint to use the black Kapton on the external surface except solar cells. It is clarified from the multi nodes analyses using Thermal Desktop/ SINDA/FLUINT that the temperature of the transmitter changes from 14.8 to 21.0 degree Celsius in an operational sequence under the worst-case cold condition. The temperature change of the battery can be suppressed from 15.5 to 16.6 degree Celsius in an operational sequence under the worst-case cold condition using the insulator between the battery and the internal surface. The maximum difference of temperature occurs between UOBC3 and UOBC6, and is 2.8 K. This difference is enough small to conduct the survival competition under the equal condition. The minimum period for the mission is about 114 days after UNITEC-1 separates from a rocket.
Introduction
UNITEC-1 is a spacecraft that flies to Venus. UNITEC-1 is designed and built under the cooperation of 22 universities belonging with UNISEC. UNITEC-1 will be the first spacecraft managed except national agencies to fly further from the moon. Main mission is a survival competition of onboard computers built by Japanese universities. This paper is intended to report the preliminary thermal design of UNITEC-1.
Analysis

Configuration
A schematic external view of UNITEC-1 is shown in Fig.1 . UNITEC-1 is cubic and has 6 panels. Trans. JSASS Aerospace Tech. Japan Vol. 8, No. ists27 (2010) Pf_2 76.5 38.0 mm. A separation adaptor and four guide poles are integrated on another panel. The specifications of UNITEC-1 are listed in Table 1 . 
Trajectory
Supposing the launch of UNITEC-1 in 2010, trajectories from Earth to Venus is classified into two types. The two-type trajectories are shown in Fig.2 . UNITEC-1 passes further from the sun than the orbit of Earth around the sun in the case of type 2. The change of the solar direct radiation in type 2 is larger than that in type 1. In this preliminary thermal design, a trajectory in type 2 is supposed as the trajectory of UNITEC-1. The amounts of the solar direct radiation (solar contact) at the aphelion and at the perihelion (near Venus) are calculated by considering the energy balance as follows: 
Attitude
The attitude control system is not integrated in UNITEC-1. There are possibilities that the rotation axis of UNITEC-1 directs to the sun as shown in Fig.3 . The rotation axes are denoted by yellow points, respectively. The numeric characters are the ratio of the projected area to the sun to the area of a panel. The ratio of the projected area to the sun to the area of a panel could be possible to change in the range from 1 to 3 .
Allowable temperature ranges
Allowable temperature ranges of the components in UNITEC-1 are shown in Table 3 . The narrowest allowable temperature range of components is from 0 to +50 degree Celsius. The objective in this preliminary thermal design is to design in such a way that the temperature of UNITEC-1 is kept in the range f from 0 to +50 degree Celsius. Table 4 . The heat dissipation does not equal to the required electric power in major transmission mode and minor transmission mode because a part of the electric power are transmitted as the radio waves to the outside of UNITEC-1. Table 5 shows the history of the heat dissipation from the transmitter in the major transmission and in the minor transmission. (a) (b) 
Optical properties
The optical property of the external surface of UNITEC-1 is an important parameter to keep the temperature of UNITEC-1 within the allowable temperature ranges. The optical properties of the solar cell used on UNITEC-1 and the other materials are shown in Table 6 . Four materials whose the ratio of the absorptance to the emittance is widely different are considered. The solar cells occupy about 43.9 % of the total external surface as shown in Table 1 . In the case that those materials are used on the external surface except the area of solar cells, the average optical properties of UNITEC-1 are calculated in Table 7 , respectively. 
Analysis methods
First, one node analyses are carried out to clarify the candidates of the thermal control material on the external surface that satisfy the allowable temperature ranges. Then, multi nodes analyses are carried out to obtain the temperature distribution of components using Thermal Desktop/ SINDA/ FLUINT software.
In one node analysis, steady temperature is calculated. UNITEC-1 satisfies the energy balance as shown in Eq. (3) in the steady state.
where
The solar direct radiation is assumed as the heat input to UNITEC-1. The IR radiation and albedo from Earth or Venus is not assumed. The IR radiation and albedo from Earth become enough small to neglect after 30 minutes since the separation from the rocket. As shown in Type 2 trajectory of Fig. 2 , the worst-case cold condition occurs far from Earth. UNITEC-1 does not carry out the maneuver of the trajectory. UNITEC-1 is supposed not to pass enough nearby to get the IR radiation and albedo from Venus. The heat output is the IR radiation from UNITEC-1. Table 8 indicates a worst-case cold condition and a worst-case hot condition. The values of solar contact in the worst-case cold condition and in the worst-case hot condition are calculated from Eq. (1) and Eq. (2), respectively.
Results and Discussions
One node analysis
The temperatures of UNITEC-1 under the steady state and worst-case conditions are listed in Table 9 . The temperatures of UNITEC-1 in all cases except the worst hot case using the silvered Teflon are widely beyond the allowable temperature ranges. These results are caused by the large differences of the solar contact, the projected area to the sun and heat dissipation between the worst-case cold condition and the worst-case hot condition in Table 8 . The solar contact is not able to modify in the thermal design of spacecrafts. In order to reduce the difference of the average project area to the sun, slow tumbling of the rotation axis of UNITEC-1 has been considerd. In the case that the rotation axis of UNITEC-1 tumbles, the sunlight is incident at one external panel, two external panels or three external panels of UNITEC-1. The rotations in Fig. 4 and 5 are supposed as the worst-case hot condition and the worst-case cold condition, respectively. The sunlight is incident at two external panels and three external panels in the worst-case hot condition as shown in Fig. 4 . The sunlight is incident at one external panel and two external panels in the worst-case cold condition as indicated in Fig. 5 . The ratios of the average projected area with respect to the sun to the area of a panel are listed in Table 10 . It is found that the worst-case hot temperature is within the allowable temperature ranges in the case of using the silvered Teflon and the worst-case cold temperatures are within the allowable temperature ranges in the case of using the black Kapton and the buffed aluminum. However, it is difficult that both temperatures under the worst-case cold condition and the worst-case hot condition is within the allowable temperature. The one of the main mission of UNITEC-1 is a survival competition of onboard computers built by universities. It is desirable to conduct the survival competition as soon as possible after the separation from a rocket. It is important to emphasize that the worst-case cold temperature is within the allowable temperature ranges. It is suitable from this viewpoint to use the black Kapton on the external panel except solar cells. 
Multi nodes analysis
It is impossible to calculate the temperature distributions of components in one node analysis because the whole temperature of a spacecraft is represented by the temperature at one node. Multi nodes analyses are conducted. Thermal Desktop/SINDA/FLUINT software is used.
The internal configuration of UNITEC-1 is shown in Fig. 6 . The heat dissipation of components must be transferred from the internal panel to the external panel. It is difficult to estimate the heat conduction between panels because the amount of heat conduction changes with the contact pressure and the effective area related to heat conduction. It is easier to control the exchange of heat by radiative heat transfer than by the heat conduction. An insulator is added between the internal panel and the external panel in order to reduce the heat conduction between internal panels and the external panels relatively. A radiative control film, 12 Upilex-R/Al 5) , is used in order to control the heat exchange between all panels by the radiative heat transfer. A thermal filler is used between all panels to estimate the effective area related to the heat conduction easily. The optical properties of 12 Upilex-R/Al are shown in Table 12 . The conductivities of the insulator and the thermal filler are shown in Table 13. Table 14 shows the materials and the dimensions of panels. The thermophysical properties of the materials are shown in Table 15 including the separation adaptor and the solar cell. The analysis condition for multi nodes analyses is listed in Table 16 . The temperatures of components under the worst-case conditions and the steady state in multi nodes analyses are shown in Table 17 . It is found that temperatures of all components satisfy the range of the allowable temperature in the worst-case cold condition. It is clear that the margin of temperature of battery is 10.4 degree Celsius. On the other hand, temperatures of all components are beyond the range of the allowable temperature. As UNITEC-1 approaches Venus more closely, the thermal environment of UNITEC-1 takes on the aspect of the heat run test. As shown in Fig.4 and Fig.5 , the amount of heat dissipation changes largely in an operational sequence. The temperatures of components have been calculated unsteady along with an operational sequence in the worst-case cold condition. The result is shown in Fig.7 . It is found that temperatures of all components satisfy the range of the allowable temperature in the worst-case cold condition. The temperature of the transmitter changes from 14.8 to 21.0 degree Celsius. The temperature change of the transmitter is greatest of all components in an operational sequence. This result is reasonable because the change of the heat dissipation of the transmitter is largest of all components. The temperature change of the battery is from 15.5 to 16.6 degree Celsius and minimum. The insulator is set between the internal panel and the battery and is effective to reduce the temperature change of battery. The temperature histories of UOBCs in an operational sequence in the worst-case cold condition are shown in Fig. 8 . The temperature change of UOBC3 is from 14.8 to 20.8 degree Celsius and is largest of all UOBCs. There are the temperature differences between all UOBCs. The maximum difference of temperature occurs between UOBC3 and UOBC6, and is 2.8 K. This difference is enough small to conduct the survival competition under the equal condition.
As UNITEC-1 approaches Venus more closely, the temperature rises including the vibration of temperature by the operational sequence. In the case that the temperature of the component of the battery, the main onboard computer or the power control unit exceeds 50 degree Celsius, UNITEC-1 would become malfunction. Histories of the maximum temperature of battery in an operational temperature are shown in Fig. 9 . The red line indicates the maximum temperature in the case that the insulator is inserted between the battery and the internal surface. It is clarified that the maximum temperature of battery exceeds the upper limit in the allowable temperature range of 50 degree Celsius 114 days later after the separation from rocket. The insulator is effective to postpone the deadline, when the maximum temperature of battery exceeds the upper limit in the allowable temperature range of 50 degree Celsius, for 3 days. This is a reason why the insulator is set between the battery and the internal panel.
Conclusions
The preliminary thermal design of UNITEC-1 has been carried out.
It has been clear from 1 node analysis that slow tumbling of the rotation axis is effective to reduce the temperature changes between the worst-case cold condition and the worst-case hot condition. It is difficult that both temperatures of the worst-case cold condition and the worst-case hot condition are within the ranges of the allowable temperature. It is desirable to conduct the survival competition as soon as possible after UNITEC-1 separates from a rocket. It is recommended from this viewpoint to use the black Kapton on the external surface except solar cells.
It is clarified from the multi nodes analyses using Thermal Desktop/ SINDA/FLUINT that the temperature of the transmitter changes from 14.8 to 21.0 degree Celsius in an operational sequence under the worst-case cold condition. This temperature changes is largest in an operational sequence. The temperature change of the battery can be suppressed from 15.5 to 16.6 degree Celsius in an operational sequence under the worst-case cold condition using the insulator between the battery and the internal surface. This temperature changes is smallest of components in an operational sequence. The maximum difference of temperature occurs between UOBC3 and UOBC6, and is 2.8 K. This difference is enough small to conduct the survival competition under the equal condition. The minimum period for the mission is about 114 days after UNITEC-1 separates from a rocket. 
